The Vietnam Era Twin Study of Aging (VETSA) is a longitudinal behavioral genetic study with a primary focus on cognitive and brain aging in men. It comprises a subset of over 1,200 twins from the Vietnam Era Twin Registry. Like many other studies of aging, the VETSA includes many different phenotypes, but there are some key features that distinguish it from most other behavioral genetic aging studies. First, the initial assessment was conducted when all participants were middle-aged. Second, the age range of participants is narrow; all were in their 50s at the time of the initial recruitment. Third, the study includes an extensive and demanding neurocognitive test battery that was designed to provide good coverage of different cognitive abilities and avoid ceiling effects in middle-aged adults. Fourth, young adult cognitive test data (at an average age of 20 years) are available to provide a gauge of cognitive change. These features make the VETSA ideal for studying the heterogeneity of within-individual trajectories from midlife to old age, and for early detection of risk factors for cognitive decline.
Introduction
The Vietnam Era Twin Study of Aging (VETSA) is a longitudinal behavioral genetic study focusing on cognitive and brain aging. An initial description of the VETSA projects (before completion of the first wave of data collection) appeared in the 2006 issue of Twin Research and Human Genetics (Kremen et al., 2006) . Since that time, wave 1 data collection was completed and wave 2 is nearly complete as of the time of this writing. Participants were, on average, 55 and 60 years of age at wave 1 and wave 2, respectively. VETSA participants are all part of the larger Vietnam Era Twin Registry, which is also described in this issue. VETSA twins were randomly selected from a large prior study that attempted to enroll all available Registry twins (Tsuang et al., 2001 ). There were only two selection criteria for the VETSA: twins had to be in their 50s at the time of recruitment and both twins in a pair had to be willing to participate in wave 1.
This ascertainment strategy served three main purposes. First, it provided a baseline assessment in late midlife. Many important age-related changes begin at around ages 60-65. For example, lifetime risk for Alzheimer's disease increases substantially after age 65 (Sperling et al., 2011) . Thus, for most participants, it will be possible to see changes before and after key aging-related transition points. As noted below, rates of several medical conditions that may be associated with cognitive aging increased significantly in the 5-year interval between VETSA wave 1 and wave 2. Of course, age-related cognitive decline may have already taken place before the initial VETSA assessment, but aging studies that focus primarily on adults who are 60-65 or older at the initial assessment run a greater risk of observing baseline performance that already reflects meaningful decline from prior levels of functioning.
Second, the ascertainment strategy maximizes the ability to examine the heterogeneity of within-individual change. Within-individual change can only be studied with a longitudinal design, and change may differ from one age to another. By having an age-homogeneous sample, the VETSA design increases the feasibility of detecting differences in trajectories of change over time in people of essentially the same age. In particular, a large sample with a narrow age range should improve our ability to detect subgroups with different aging trajectories. Group mean cognitive change is likely to be small or absent in this age range, but there is growing evidence that some individuals do begin to manifest significant cognitive decline during midlife or in the transition from midlife to early old age (e.g., Singh-Manoux et al., 2011) .
Third, the ascertainment strategy is useful for early identification of individuals who may be at elevated risk for developing mild cognitive impairment (MCI) or dementia later in life. Those individuals who are beginning to show evidence of decline from wave 1 to wave 2 may be at heightened risk for MCI or dementia. Indeed, although participants were only in their 50s at wave 1, a series of analyses is beginning to indicate that a proportion of them can be identified as already meeting criteria for MCI based on neuropsychological definitions. If these classifications are validated in follow-up assessments, it would suggest the possibility of detection much earlier than in prior studies. Related to this third purpose, general cognitive ability scores are available for VETSA participants when they were, on average, 20 years of age. The same cognitive test was readministered to VETSA participants during wave 1 of the study approximately 35 years later. It had excellent stability, with a phenotypic correlation of 0.74 over this lengthy interval (Lyons et al., 2009) . Moreover, the genetic correlation was not significantly different from 1.0, indicating that the same genes were influencing individual differences in overall cognitive ability at both ages. As such, this test is also useful as a gauge of how much cognitive performance may have changed from early adult functioning even at the first wave of the study.
VETSA Sample
Data collection for VETSA wave 1 was conducted from 2003 to 2007. A total of 1,237 twins participated (349 monozygotic pairs, 265 dizygotic pairs, and 9 unpaired). As of August 2012, over 1,000 twins have participated in wave 2, the project's first 5-year follow-up. There are also attritionreplacement participants who comprise a subset of the wave 2 participants. Attrition-replacement participants are twin pairs from the Vietnam Era Twin Registry in the same age range as the returning wave 2 participants, but the attritionreplacement participants underwent the assessments for the first time. Therefore, these individuals serve as a direct gauge for practice effects on cognitive tests. Given evidence in other studies of practice effects even after a 5-year interval (Rönnlund et al., 2005) , the attrition-replacement participants serve an important function of disentangling aging and practice effects. The vast majority of tests and questionnaires were administered at both times.
All VETSA participants are men and all were in some branch of military service at some time between 1965 and 1975. The majority were not in combat or in Vietnam. At the time of the study, they were a reasonably representative, community-dwelling sample of middle-aged men living throughout the entire United States based on their comparability to American men in their age range with respect to socio-demographic and health characteristics (Schoeneborn & Heyman, 2009) . In addition to the study of cognitive and brain aging, the VETSA is also well suited to the study of numerous other aspects of male aging. Examples include the impact on cognition of testosterone level and testosterone decline, and microvascular disease as exemplified by erectile dysfunction.
VETSA Measures
With the primary focus of the VETSA on cognitive aging, the project includes an extensive neurocognitive test battery. Because it is also important to understand how other factors affect or may be affected by level of cognitive functioning, there are detailed assessments of personality and psychosocial/lifestyle measures as well as biomedical measures. The neurocognitive battery was designed to increase coverage of cognitive functions that had not received much emphasis in behavioral genetic studies of middle-aged and older adults. Different key processes have been posited in different theories as the major factors underlying cognitive change in middle age and older adulthood. These include general processing speed (Salthouse, 1996) , declines in the capacity of working memory (Hultsch et al., 1998; Salthouse, 1991; Wingfield et al., 1988) , reduced efficiency in inhibiting off-target thoughts and stimuli (Hasher & Zacks, 1988; Zacks et al., 2000) , declining effectiveness in learning and retrieval from episodic memory (Kausler, 1994) , and inefficiency in the ability to process context information (i.e., internally represented information used to influence planning and behavior; Braver et al., 2002) . Processing speed and episodic memory have been included in previous behavior genetic studies of aging, but these other cognitive functions have received little attention. The VETSA neurocognitive battery was also designed to avoid ceiling effects in middleaged adults. Otherwise, ceiling effects can greatly reduce the ability to observe heterogeneity of trajectories.
Magnetic Resonance Imaging (MRI)
A companion VETSA project includes the administration of MRIs to a subset of participants. At VETSA 1, 526 twins underwent 3D structural MRIs to measure brain structure (cortical and subcortical volumes and cortical thickness and surface area). In conjunction with the VETSA 2 follow-up, these twins are also undergoing a second MRI. In the followup protocol, participants also undergo a functional MRI protocol to assess the default mode network. The default mode network is active when individuals are left to think to themselves undisturbed, and it tends to deactivate when individuals are engaged in a cognitive task (Buckner et al., 2008) . Default network activity is relevant because crosssectional results suggest that activity correlation between regions in this network tend to decrease with age, and those correlations may be reduced further in Alzheimer's disease as compared with normal aging (Buckner et al., 2008; Greicius et al., 2004) . Participants also undergo an arterial spin labeling protocol to provide an index of resting regional cerebral blood flow or perfusion. This measure may be important for understanding cognitive and brain aging because there are age-related changes in perfusion and they may reflect important vascular changes (Beason-Held et al., 2008; D'Esposito et al., 2003) .
VETSA MRI data have been used to show the heritability of the size of individual cortical and subcortical regions of interest Kremen, Prom-Wormley et al., 2010) , the genetic associations among continuously measured cortical regions (Chen et al., 2011; Eyler et al., 2012; Rimol et al., 2010) , and the genetic distinction between cortical thickness and cortical surface area (Panizzon et al., 2009) . In addition, they have been used to create a novel brain atlas of cortical regions defined entirely on the basis of genetically informative data . This atlas may be useful for genetic association studies because the brain phenotypes are defined by genetic rather than structural or functional information.
Neuroendocrine Data
In another companion project that was linked only to wave 1 of the VETSA, neuroendocrine data from saliva samples were collected from 795 VETSA participants. A total of 17 samples per person were collected: 5 on each of two days at home and 7 on the in-lab day. The schedule for sampling was designed primarily for the assessment of the stress hormone cortisol. Cortisol follows a diurnal variation in which the peak is typically shortly after awakening and levels then decline throughout the day. Samples were thus collected at awakening, 30 minutes after awakening, 10 hours, 15 hours, and bedtime. Two additional samples were collected just before and just after lunch on the day of testing. In addition to cortisol, the saliva samples were also used to measure testosterone and dehydroepiandrosterone sulfate (DHEA-S). Because cortisol is important in the hypothalamic-pituitaryadrenal axis stress response system, it may be a mediator or moderator of age-related changes. Testosterone and DHEA-S may have opposing effects to that of cortisol. Moreover, because testosterone levels decline steadily with age, testosterone changes may be another important factor in male aging. Studies based on VETSA data have shown the heritability of these hormones and their relationship to cognition and brain (Franz et al., 2011; Kremen, O'Brien et al., 2010; Panizzon et al., 2010 .
Summary
The VETSA projects include comprehensive assessments of twins in multiple domains beginning in the sixth decade of life. At the time of this writing, they are being studied in the first of several planned follow-up assessments. The current plan is to reassess every 5 years, but it may become important to shorten the time interval as the participants get older. As such, we hope that the ongoing VETSA projects will provide a valuable resource for the study of genetic and environmental influences on cognitive and brain aging. It is also worth noting that although cognition and brain are the major areas of emphasis in the VETSA projects, there are ample data to explore many other important aspects of the aging process. In addition, the VETSA is already serving as a scientific resource as part of the consortium on Interplay of Genes and Environment across Multiple Studies (IGEMS; this issue).
